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The  concept of the  localization  of intracellular  oxidative processes within 
the mitochondria was first suggested in 1913 by Otto Warburg (1) but was not 
demonstrated until the recent application of the techniques of homogenization 
and  differential  centrifugation  made  possible the  study of  the  relationships 
between intracellular  structure  and  function.  Schneider  (2)  and  Hogeboom, 
Claude, and Hotchkiss (3) were then able to establish that the so called "large 
granule fractions" of homogenates prepared from liver or kidney tissue contain 
the major portion of the succinoxidase  and  cytochrome oxidase  activities of 
these cells. Subsequently, Hogeboom, Schneider,  and Palade (4), utilizing  0.88 
sucrose as the dispersion  medium for the preparation  of homogenates and 
their  sub-fractions,  showed  that  the  chief  intracellular  particulate  of  the 
"large granule traction" is the mitochondrion, and as a result the succinoxidase 
and cytochrome oxidase activities of liver and kidney were shown to reside in 
the mitochondria of these tissues. 
In cytological preparations of both fixed and living tissues, Oliver, MacDowell, 
Moses, and Lee (5-7) have demonstrated  that  the parenteral  administration 
of certain proteins to rats under certain conditions of time and dosage causes 
a dissolution of the mitochondrial rodlets in the epithelial  cells of the proximal 
convolutions of the nephrons and in their place there occurs an accumulation 
of Gram-positive droplets.  Although  the droplets were shown to contain  the 
administered  protein,  it was also found that  they are positive to supravital 
* This work was supported  by grants-in-aid  from  the  Commonwealth Fund, the  Life 
Insurance Medical Research Fund, and the New York Heart Association. 
The authors wish to acknowledge the technical assistance of Dr. Helen Wells Rappaport. 
§ Present address: Department of Pediatrics, The New York Hospital-Comell  Medical 
Center, New York. 
tl Present  address:  Department of  Medicine,  Stanford  University  Hospital,  Stanford 
University, San Francisco. 
629 630  PROTEIN METABOLISM" IN  NEPHRON.  IV 
staining with Janus green and include considerable  amounts of mitochondrial 
substances,  as  determined  by  histochemical  procedures  (7).  Furthermore, 
chemical analysis of highly purified  suspensions of the droplets by Straus (8) 
showed that their phospholipid and pentose nucleic acid content is essentially 
similar  to  that  of  the  mitochondrial  rodlets  which  had  disappeared  as  the 
droplets formed. 
The  experimental  evidence  to  date,  therefore,  poses  the  question  of  the 
structural and functional relation between mitochondria and droplets, and the 
present  study  was undertaken  in  the  hope  that  a  knowledge  of  the  intra- 
ceUular distribution of certain  oxidative enzymes at different  stages of droplet 
evolution would provide a partial  answer to the question. 
Materials and Methods 
The animals used in this study  were male rats of the Sherman strain, ranging in weight 
from 175 to 225 gin., maintained on Purina chow fed ad libitum. The protein solution used for 
injection was made by mixing equal volumes of egg white and 0.9 per cent NaC1 and faltering 
the mixture through cheese cloth. 
For an experiment, rats in sets of four each received an intraperitoneal injection of 20 ml. 
of the egg white solution and were then killed after various intervals of time. The kidneys 
were removed, stripped of perirenal fat and fascia, blotted with falter paper, the cortices dis- 
sected from the medullae, and their total wet weight obtained. Sections of kidney were placed 
in Zenker's solution for subsequent histological examination. 
The cortical tissue was ground at temperatures not exceeding 5°C. in a  Potter-Elvehjem 
glass homogenizer and  diluted with  sufficient 0.88  sucrose solution to make a  t0 per cent 
(W/V) homogenate. 
The procedure used for the isolation of the ceUular fractions from the total homogenate (H) 
was a modification (9) of the method of Hogeboom, Schneider, and Palade (4).  H was centri- 
fuged at 600 X  g for 2 minutes, and was thus separated into a  pellet (Pal-l) and a supernatant 
fluid (Sup-l); the former consisted of unbroken cells, nuclei, erythrocytes, mitochondrla, and 
droplets, and the latter represented a  mixture of all the cytoplasmic particles. Sup-1 was then 
centrifuged at 20,000  X  g for 20 minutes in a  Sorvall SS-1 centrifuge and yielded a brown- 
yellow pellet of mitochondria and  droplets  (B-Pel)  and  a  supernatant  fluid (Sup-2).  Two 
successive centrifugal washings of B-Pel resulted in additional pellets labded B-Pel, W1 and 
B-Pel, W~ respectively. Sup-2 was centrifuged at 20,000  X  g for 120 minutes and yielded a 
translucent reddish pellet composed largely of microsomes (R-Pel) and the final supematant 
fluid (F-Sup). R-Pel was washed once and yielded a pellet labeled R-Pel, Wl. 
After its isolation, each of the above pellets was suspended in 0.88 ~¢ sucrose to the original 
volume from which it had been  separated, and in this form was used for the enzymatic de- 
terminations. 
The type and homogeneity of the fractions was examined by phase microscopy. It was 
found that the droplets were distributed  between Pel-1 and B-Pel. It was estimated  by ap- 
proximate counts of equally diluted portions  that the fraction of larger particles, droplets, 
and mitochondria (B-Pel), obtained from rats killed from 3 to 40 hours after the administra- 
tion of egg white, was approximately 50 per cent droplet in its composition. Viewed micro- 
seopically, the droplets appear spherical and homogeneous and are so distinguishable from 
unaltered mitochondria which are rod-shaped and from swollen mitochondria, which appear 
spheroid but marked with dense unilateral refractile crescents. N.  KRETC~R  AND  H.  W.  DICKERMAN  631 
Activities of succinoxidase  and cytochrome  oxidase  were measured manometrically  by the 
methods of Schneider  and Potter (10). "Endogenous  cytochrome  c" was determined according 
to Hogeboom  d al. (4). Nitrogen determinations were made by the Ma-Zuzaga modification 
of the Kjeidahi method (11). 
RESULTS 
Figs.  1 and 2 give a summary of the results of enzymatic determinations on 
the cellular fractions of rat kidney cortices from 19 experiments done as de- 
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FIG. 1. Partition of renal cortical cells following egg white administration: succinoxidase 
activity; solid bars, pl. O2/10'/100 rag. wet; cross-hatched  bars, pl. O2/10"/mg. N. 
scribed above; seven experiments at 0  time on uninjected animals and three 
experiments at each time interval after the injection of egg white. The results 
are expressed in terms of oxygen utilized per 100 mg. of fresh tissue and also 
on the basis of milligrams of tissue nitrogen. 
The diagrams in Fig.  1 indicate that at 12 hours, which is near the time of 
maximum droplet formation  (6),  there was  a  decrease in  the  succinoxidase 
activities of the  total homogenate  (H)  and  the  cytoplasmic extract  (Sup-l) 
when these are compared with the activities of the corresponding fractions ob- 
tained from non-injected; i.e.,  the control or 0  time animals.  Succinoxidase 
activity of the fraction containing large particles (droplets and mitochondria) 632  PROTEIN METABOLISM  IN NEPHRON.  IV 
(B-Pel) was approximately 40 per cent less at the 12 hour period than at the 
0  time or control period. It will also be noted in this figure that washing of 
B-Pel resulted in a  diminution of succinoxidase activity of approximately 30 
per cent in both injected and control rats. 
Fig. 1 also shows that R-Pel, the fraction consisting of microsomes, and F- 
Sup, the final supematant fluid, showed considerable elevation of succinoxidase 
activity in the case of injected animals, as compared with control animals. This 
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Fzo. 2. Partition of renal cortical cells following  egg white administration: cytochrome 
oxidase activity; solid bars,/zl. O2/10'/100 nag. wet; cross-hatched bars,/zl. Os/10'/mg. N. 
increased activity was apparent when enzymatic activity was expressed on the 
basis of wet weight of tissue or on nitrogen content of the tissue. 
Fig. 2 summarizes the results with respect to cytochrome oxidase activities. 
Pel-1  showed only slight changes in the activity of this enzyme in injected 
animals as compared with control animals. On a  tissue nitrogen basis  there 
seemed to be an increase in activity, while on a  tissue wet weight basis there 
appeared to be a decrease. It should be noted, in any case, that the activities 
of this fraction were relatively low. The inherent variability of the enzyme 
determination per se is considerable. 
In the figures it is seen that the cytochrome oxidase activities of both washed N.  KRETCn~'R.R  AND  H.  W.  DICKERMAN  633 
and unwashed preparations of the larger  particles of B-Pel decreased approxi- 
mately 35 per cent at the 12 hour postinjection period. The microsomal  frac- 
tion  R-Pel,  however,  showed increased  cytochrome oxidase  activity at  this 
time, and even greater activity at the 3 hour interval. Finally, the cytochrome 
oxidase  activities of the F-Sup fraction followed a  curve with time that  was 
somewhat similar  to the curve encountered with  the microsomal  fraction. 
In animals  killed after the 12 hour postinjection period, there was a gradual 
increase with time of the measured enzymatic activities for all the cellular frac- 
tions with the exception of the microsomes  of R-Pel, so that at the 40 hour 
period  the  values for succinoxidase  and  cytochrome oxidase  activities were 
approximately the same as those observed in the non-injected control animals 
at time 0. 
With respect to the "endogenous cytochrome c," increases were encountered 
in fractions H, Sup-l, B-Pel, W1, B-Pel, W~, and F-Sup obtained from injected, 
as compared with non-injected, animals.  The increased  activity ranged from 
10 to 40 per cent. Except for a 40 per cent decrease in Pel-1, no major decreases 
in this enzyme were found in fractions obtained from injected animals.  In the 
general  experience,  data  for  "endogenous  cytochrome  c"  have  been  found 
variable and accordingly,  difficult to evaluate. 
DISCUSSION 
Droplets, which appear in the proximal convoluted tubule cells of the kidney 
after  the parenteral  injection  of protein  into  rats,  were present  in  greatest 
number in our homogenate preparations  12 to 18 hours after injection.  How- 
ever, the droplets seen in tissue sections from 6 to 18 hours after injection were 
heterogeneous, when stained with the Gram and other methods, whereas drop- 
lets in tissue sections obtained from rats  in  the  18 to 24 hour postinjection 
interval  were homogeneous  (6,  7).  Thus,  it would appear that  in the earlier 
period there are present both newly forming droplets as well as mature com- 
pletely formed droplets, whereas in the later periods all the droplets are com- 
pletely formed and mature. However, by phase microscopy it was found that 
the fraction of droplets and mitochondria of B-Pel showed droplets and mito- 
chondria to be present in approximately constant and equal concentration over 
the entire range of the postinjection intervals. It would seem, therefore, that 
while the amount of droplets in B-Pel from injected rats is constant over the 
studied postinjection period, the character or as it may be expressed,  the ma- 
turity  of the droplets changes  progressively. 
12 hours after the administration of the egg white solution,  animals yielded 
a  B-Pel fraction,  consisting  of approximate  equal  amounts  of  droplets and 
mitochondria, which assayed for succinoxidase  and  cytochrome oxidase activi- 
ties to about half that  of the control period when there were  mitochondria 
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a B-Pel fraction which, while still consisting of about equal amounts of droplets 
and mitochondria, contained succinoxidase and cytochrome oxidase in amounts 
almost equal to the control values of the uninjected animal.  Thus, while in the 
earliest  stages of the postinjection  interval  a  decrease in  oxidative activity 
might be ascribed to a dilution of mitochondria by droplets which contained 
little or no oxidative enzyme activity, it is evident that this explanation does 
not hold for the later periods of the postinjection intervals in which droplets 
are mature and in which the total oxidative activity has returned to normal. 
In  other words,  the early immature  droplets would seem to be deficient  in 
oxidative enzyme activity,  lowering  the total  activity of the early samples, 
but when fully formed and mature their enzymatic activity is equal to that 
of the original  mitochondria in which the enzymes are normally concentrated. 
This conclusion would seem to follow of necessity, unless one is to assume that 
the persisting mitochondria of the later preparations,  diluted as they are by 
the presence in the preparation of an equal number of droplets, have undergone 
some increase  in their enzymatic activity. 
According  to the explanation now offered, the following sequence of events 
ensues.  After the entrance and accumulation of the protein in the renal ceils, 
the mitochondrial  rodlets undergo structural  and  functional  rearrangements 
by which smaller particles arise  of microsomal  dimension.  When differential 
centrifugation is applied, these separate with the R-Pel and endow this micro- 
somal fraction with an increased oxidative enzyme activity.  Simultaneously 
the absorbed egg white is incorporated into the early, small droplets of mito- 
chondrial size along with certain of the elements of the mitochondria; the re- 
sulting B-Pel obtained at this early period therefore shows a proportionately 
decreased oxidative enzyme activity. As the postinjection interval increases the 
elements derived from the altered mitochondria are shifted from the cytoplas- 
mic pool of "microsomes" to the protein droplets; either by inclusion  or by 
incorporation,  as these droplets gradually assume a uniform character micro- 
scopically and functionally. Thus,  the droplets formed in the later  intervals 
contribute more and more succinoxidase  and cytochrome oxidase  activities to 
the total fraction, which contains approximately half the original concentration 
of mitochondria of preinjection control period. 
This interpretation of the enzymatic dynamics of the formation of droplets 
from elements of the mitochondrial disintegration and the absorbed protein is 
consistent with  the cytological (6,  7)  and  chemical  data  (8)  regarding  their 
origin.  It postulates that  elements of the mitochondria pass through  a  small 
particle or "microsomal" stage before being incorporated into droplets, a con- 
clnsion not inconsistent with recently published data which indicate that there 
is normally a gradation in particle size between mitochondria and microsomes 
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SUMMARY 
I. Shifts  of enzymatic activity  have been followed during the formation and 
evolution of the droplets that form in the cells  of the proximal convolution of 
the ncphron of the rat after  the injection  of a 50 per cent solution  of egg white 
in isotonic  saline. 
2.  Twelve  hours  after  injection  there  is  a  35  to  40 per  cent  decrease  in 
succinoxidase  and  cytochrome  oxidase  activities  in  the  fraction  containing 
the  larger  particles;  i.e.  mitochondria  and  droplets  in  equal  concentration. 
Although  after  30  hours  the  quantitative  proportion  of droplets  and  mito- 
chondria is the same as previously, the activities of the fraction have returned 
to  the  normal  observed  originally  in  the  uninjected  rat  in  a  corresponding 
fraction consisting of mitochondria  only. 
3.  The  microsome  fraction  shows  an  average  increase  of  35  per  cent  in 
oxidative  enzyme  activities  during  the  early  period  following injection,  and 
decreases to the original figure in the later period of droplet formation. 
4.  It is concluded from the shifting pattern of localization of oxidative enzyme 
activity within  the cell particulates  that  the absorption droplets arise by the 
incorporation  of  the  mitochondrial  elements,  which  originally  contain  the 
highest  enzyme  activity,  with  absorbed  protein  through  the  intermediate 
stage of smaller (microsomal) particles. 
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